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1 

IK&*5£*«r£tfi|Mtfc'>*< £ fc**5E*«r$trtfe 

st^b, 1 1 iss&jrtg* t ^.m^m h\c£>9 m&zti 

fB«tDi»fl^«*fe{c*i^T, IIIK&JS7c3t£ti!lcD5£ 
Sdiricj; fflfjA^tt^jB^'b U< ttfk*-*to«, 1 1 IK 

[if*«9] 8l*«17!>S!ft#*8<av>i**i;4»— 

1 0 ] ff*^ 9 E«fc<OttftriE«*jfc*C*5V> 
[M*^ 1 1 ] 1 7!?SfS*JS 1 0 covvT tt^— 
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2 

»/*ft«rfT 9 w fc Sr«r»i: r 

i 2 ] §s#ji i nmn #m i o ov^-r *t**- 

3] §S#gil 2Ett<Olll«ft4ktt^A& 

[38^o^*fflft!&9n 

[0 0 0 1] 
[0 0 0 2] 

TV>5 I n G a A 1 (I I HMWf/M^lj:, 
<D15 <!: hjl£t^y t 4 T S i ClSiCMO- 

C V D m (*«&«<t*««J««») ^MBEft (»^*ft 

[0 0 0 3] t7r><7lS(D^iaiffittt 

r^^B»iS*# < ft 9, * = Mcoftj^S^ 

ltt7 7>f7SfiS: 1 0 OMm^S^-eiiLf: 
5#^tci^v^-c^*SS§ii8®^«rifTftoTV^ 

[0 0 0 4] ^^Pp^M^fi?fti-5fc^{C N f77^7l 

<OX^£fTft5 «f B ^|5fe*{S*S-e:6wi:d5Ji 

[0 0 0 5] #];U3:$Cffcfc r Japanese Journal of App 
lied Physics Vol.36 (1997) Part 2, No. 12A, 

L1568-1571 j (^T> » 1 ^«6*ft«i: W^) Jctt. El 
6 (c^-TJ: 5ftu— K(LD)^$ttTV^ 
6 P B6©l/-if^t- Kli, MO-VPE(WM 
I«ffiM)ggCtf77^75« 1 -htCG a NiSffl 
^ ^ 7 7* 2 G a NS 3 tWftfilcfi aStR^t 
50 f^Si02-77^4^Mt5o :^)S iOzv^^ 
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3 

4 1*. »J^CVD«k#Slffl«ia)SJEJCTS i 02jg££ 

SrST^fiKSix^o :^)Si02-77^4±i:S 

MO-VPEgflCt2 0/xm^f $(OGa Nl 
3* ^ft5ri:-e, ffi*|Sl(CGaN^lMfiU 

f§ K-^«JWB**-« (MD- S L S) 5 £2»AlT5 r 

£ffl^ftv^^tcifcifcLT. f^^MS<t5r 
[0 0 0 6] c<o»i^flE5KfitS<o4i^tai, i^^r-r 

MO-V PE36«fc:J:*agift 
fill*** 2 HjBJ! 4: ft 0 , lStf*»tt 5 <h v * 0 WM» 

[0 0 0 7] SJ 03*85 i: LT. fi»Jx.tf3tjR TAppI 

ied Physics Letters, Vol. 73, No. 6, P832-834 (1 
998) j (WT, »20«*S«t»t)iat GaN/Pigl 

BEffi-?!*. iWifca)* 1 (DVtM&ffiV 2 0 m mOlR«* 
H-VPEW K9>f K«ffij««)aSBtc 
"C2 0 0/imOGaNf^ML> ^(O&fC, C <DW 
JKjSSLfcG a NJg£r 15 0 /x m^ij^ Mft 5 <fc 0 

^yr^rmmm^hmm-r^zt^x^, g a nss 

SrMt^o IOG a NSffiKCMO - V P E^g^ffl 

b mm\cMi-ZM&<omm&&M8:'tz r £ a* prist « 

So 

[0008] u^uft^ib. i2^'«sr^, mi<o 

Jl<^* h^ft<5 0 !2(D«gffiO*fet2 
0 0 M mt)(DG a Nf^g^t^i^C^ 

[0 0 0 9] ^OP«^S^[E)ie-f Sfc^fC. »H)3P10- 
2 5 6 6 6 2 JBWRj«fi1-55c<OS« (I^T-f 

7bX¥*Jl>) <Dm£%lmm&>±b-rZ>Zb&mM£ 

^ £ fC J: 9 , 2 0 0//mOfI(DGaN)g^Utt 



(3) ftBf) 2001-102316 

T, =^ h36«*<ftS 0 «^Sffi«rJ8^5»'fr«c 
I*. f JS^G a N^^^fi U:Sl:ilSSWg ^) 7 
:y^as£Cftv^ WBoxe-ejcEA«SiL. 

[0 0 10] — ;£i£fc r Journal of Crystal Grow 
JO th. Vol. 189/190, p. 153-158 (1998) J («T. 13 
<Dmm&ffibfc-f)lc\^ GaNO/<;^8*tl4ftS 

li^$tbrv^5o uoo-i 7oo°c<D 

K®, i3it^*l 0 k b a r 'bCOS^H^^^H^^ 
■C. «*Ga^e)GaN«:WgJ^5f^4ot 
v^o r.^-g-Mte, r^/u^MlfcGaNgg?: 
fflv^C, ^^^^»ftllllK»fc*^#f*:Bt«:ric* 

tsr i^priBift*. ^ot, m&£xfm2<D'&m 
&mco£?i ( cj:m$:mmk£ j £z>z.bte<, g 3 ns« 

[0 0 11] Lrt>Lft^ib> » 3 <&f£5^«F"Ctt. 

nig* 1 cmMtfct), x*nm<t-t 

Z>lcfc/h£ffigZ>b^o?tZlMfr&>Z 0 
[0 0 12] r^ii5?U, SiEE«t»-COG a NteSfiKS^PB^ 
H^SrOlfttS^ftiLt, TChemistry of Mat 

erials Vol.9 (1997) p. 413-416] (J£AT> fg4CDfl£ 

LT0)7^tthy ^A(NaN3)i:MGa 
& ; fo&= 7. 5mm, gJ=10 0mm)Cilfl 

at^At, t©Sl£«S*6 0 0-8 0 ox:<du&x~ 

600-80 orisa^iteiWiSia-e^ajtfiKs^^rig 

-CfcO, SS(*Jffi*fcii&* 10 0k g/cm 2 iSi;I 
40 3 (cits* UO^Kt#5 W»-C*> 

$d« lmmlc«jfc4^I«lci/hSV^tfc5o ^ 

s -mx^-f ^ Srnwt-re tasig 3 cots 
&&m<om&bmm&h£'tgz>o 

[0013] 

^«*ft««>raHjS-c*>*xesra*tfts** r <t ft 
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5 

U rro.fc9#lll&g<t«SA£jfcg£^.5;L 
[0 0 14] 

'>/«£< £ til IS5&*7c*«:*tffcWi:'>fc< 

mi Lt^5„ 
[0 0 15] ift*gt2fattro%91tt\ m*«iG 

* i K: <t 9 a-frtt L < ttYL£-*M» 1 1 IK 

**t 5 r k *&mt 
[0 0 16] »#K3E*<D»9!H\ iS*^2fB 

ttW^S^S^-fetcfeVT, IIISl&JB5c*i:*i!iro5G* 

[0 0 17] ff*«4|Ettco^B^fL 883fcJS2fB 

<60^f B ^S*-&^*5V^r, IIIK^:JS7c^i:«l©5c^ 

[0018] tt*3S 5 urn. <n&wn, m*m27s 

x. \\m&m7cmti6i<ojcmkic£ymi8.£tiz>m'& 
m t> l < mt&mK \ i iK£<biM&*aij*«-*-« w* 

[0 0 19] i«*^6IE«gcO?60Jli. ?f|*«5lE 

[0 0 2 0] f»#S7E*<&«fitt:, ff*^2 7!» 

m h u < mt-g-***, 1 1 i 

[0 0 2 1 ] 8S*^8lE«fc05!W«, IS*^2 7!; 

[0022] n««9etto»nii> ts#>si7i> 



(4) #|P) 2001-102316 

in 8 <o\> ^-m^-m^wt^m^^m^m * 
x, i&i&.&fi^&m.5Li£(o&mfrT/i'j} v &mxtbzz 

[0 0 2 3] 1***1 0Ett<aX91tt« i§*359 

So 

[0 0 2 4] M&gi iE*ro3SWH\ fi^JSi 
7iSI«*«l O©v*T;h,a»-«fcE<8<0*SAj«ft*ife4: 

yo fflv^Ti i m&itmt&&<oi&&ffc&%ft o^k zmwik 
[0025] Ht*gu 2Eft<&RWW\ m*mi 

[0 0 2 6] m*£l 3EfK&«WH:, 

2&m<o\i\mmm&ik*m^xftm&tiiz*m<*y t 

[0 0 2 7] 

T, t fcl I IK^S7E^(0iJx(i, Gatif!)? 

[0 0 2 8] it) PSffllc. KJft^Sm, 1 1 lfle»k**« 
9. r©e»jfea*oi*i(K*flE<B£*H:, lll«»k%*« 

a -c 1 1 1 m&mTtm t &m^m t n £ 9 $ n * 1 1 1 ^ 

$ffctt»A*sj«*i-5. r^r, i "blllK^S 

TtmZStrVoWk, 'pt£< kh^TcmZSttrnfik 
-45, III^S-fl;fe(D^i:/j:oTV>6„ 
[0 0 2 9] *5BWtt, iiErolll^^k^A 

i<*tz&mwtm&mi£. \\\m&m7tmki&<D5cmki l ci. 
[oo3o] 1 1 \m^.m,7tm7cmkm<o^mk 

iMi^JSiStjSftffiT, t h^ytm^t^mnk 

[0 0 3 1] WT-C-li, (£i»^*»oiS^BEro& 

JS^Na-Cfc9, «t t>l H®i[&SI5c3t£-£iP'g3fC 

so [0032] mi i-i*mwicmzm§,i$,Mmw<Dmi$.m 
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i t>IIIK4«7c*S:*tr*Wi: ItoMG a id«iR 

1 0 2^LTV^o 
[00 3 3] El£S« 1 0 1 rt©ffilB«*^H:. 

*ft< it*»5c***tP«fK4:Urft*if^ (N 2 ) 
1 0 3tfS3fi*£*LTV*5o :^S*^10 3I4, 

1 0 4£iiLT, RJEt:*«l 0 l^feetjepTIB 

0 5(CJ;oT, 0 lfttf>g|gBE;frH 

5 0^jE(C$(J^]$tlTV^^ o 

[00 3 4] * fc. R/£S3£ 1 0 1 tCH IBAjftft nrte 

temmemm^mtetimmw i o 6 ^tsixtv^ e 
mmmmi o 6^ t> kj&sss i o lrtftiiis^b^ 

IgfA^AA-rsiUe (#J*tf 7 5 o°C) t«»t5:i 

r% i&w&fr^M^i£<D&mT*frzN a t\\m&m 

mi o irt«r**auiEii— inks 
[0035] @i^Mfit-eit N 

a <h G a (^a^itSEcf' 1 0 TXtfifi'&SMK^B 10 8 
XfiR^iGattfSJetSIir'C, «tt«J*GaN«S* 

[0 0 3 6] Bl2Wt*5SM^«S«fifiKS36«co 
*&^*fi£WS:*i-|a"X?*>5o **3, HUfc^v^ Ell 

[0 0 3 7] 02 <O«fiJc0fl-C(3\ SJES^S 101 cD^gB 
ICG a <h N a Offi^jHSE^lKiK*^^— 2 1 l^fe^ 

z.<nmm*fry- 2 1 1 jsg a t n a (os^K^nft^ 

-2 11 (7)±^CO/E^^W2 1 2^bIi^lcJ:o 

SMfctf/U*'— 2 1 1 tCfifcErSttT^SGa £Na 
OS'&ltffiS:* »«*/^-«JfcV2 1 3^1T, S 

[0 0 3 8] -coi^tc, H2 0«fig«-Ctt. III0*& 

-&*&(fl»J;Ltf> Ga^rNa^ffllM), SiSSSl 

0 io^g|5a» btt*&^Tt6^*o rv *£> 0 E/£S 
Si 0 igd^BBJ: t)«^*nsillK^JS7c^i:«l^5c 
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[0 0 3 9] Z<D£o\C^ Ga^Na^ffiMSlS 

^^iffittWftG a N^S^filCiD^t, G a COg^g 
mi 0 lrt-e<o*«r-«fc«m-<5:i fcd*pT«Bi:*9. 

[0 0 4 0] #*5, |2^im llli£&JR7n*i:te 

$81 0 l^MJ: 9«*&i--6«t SKLTV^Sa^ III 

S^fcLO^fc^S:. SJESS*l 0 lfticScm*t> 

* i: K ± 9 «J* £ *t -5 t> L < "C fc5Ga 

<ir N a ^jS-&»«^*4W*^SJcS^» 10 1 rttc#ft-T 
*w^-C(IIUS&fl5c*i:ffi^5c*i:^J: 

[ 0 0 4 1 ] , I ll;K&J15cili£ffi<Z>7G*£ 

[0042] 03 n^m^m^^B^mw(om<om 

[0 0 4 3] B3 0«AM^BI 1 r 
50 0 3 -m. R/£^S 10 1 oip«36H 

ft, lll«»k4fc»»^*Si-S«*S:JDj»-t"»*-o 
iD«S3SB l 0 6 i: , 1 1 IK&S^iSf <^<£>5cfSt£fcJ: 9 

««$ix5ffl^»t>u< wt^«d«#eE-r««*3 1 1 

SrJD»-rS*-OJDDj»a«3 1 2 £ tZftMVX^Z&X 

[0044] i3^im 1 1 \&&m7cMtm<D7z^ 
tic£vmf&£tizm i &voi>i,< mt&mt tt, Ga 

40 3 l 1 lcff£L-CV^ 0 rwMfflf^fei^Wt^I 
-^iD«ft*B3 1 211 ^S^t5««S:*DttSI 

-o^o^ai o 6 t^iui^: jfistwtcta 

[ 0 0 4 5 ] &m-r*US, IIIK&JS7t;f£<hf(il05t;fif£ 

[0 0 4 6] ±iSoCT-e«, S-o»lf 10 

6^»roM^f 3 1 2^»«SJ»-r-5«5g^*oT 
50 »J»K«tt!&-f Lt»«*ixTV^iJ&SfW:ft 
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p 

5ffiit<fc ft o T i> \jxfi& 1/ \ 
[00 4 7] Jl&tfUc, i&&f8.g:mm$:te£kf$.&mL&k 
l,xm*-ii 7 5 O'ClcSS— ©Mill 0 6-?*D?&U 

1 2"C5 3 CCfC^-T-So i(D^^-CIS N ««3 1 1 

5Gai)\ Ga tNaCD^jSfKl 0 2^(C^WL, II 

\mmty»k itGa N^f B ^^-&iKfR* 1 o 7*3^0? 

a W&JSBHb-g-^b 1 1 ISl&JlJ&ftfifc-SG a 

mm.m^M $ -a- 3 r t ^ wtg t ft -s, 

[0 0 4 8] i£)J;?(C, g|3 co«f&0i|-m, IIIJ£& 

m^tm t m<D7cm t k x <o ma*, ^nsi^ft t> l < mt 

#*r±, 1 1 IK&fcfeilSAa'J&A-i-SIHl* 10 7, 10 
8ittltHfcJl*3 1 1 »£*>•>, IIIK&«fi!c^tt, r. 

coi 1 m&mTLXkitxDTu&kicj: ym&ztizm&m 
l< I3{fc-a-ig?##£1- 5ffi*£3 1 1 in^mb 
«f B MIt5Wi0 7, 1 0 8tc«*&$ix6„ r. 
roiii**Yk»*a**fi)t«i-5«*i 07, losfcet 

tfZ&ZltZZktfX'Z z>„ 

[0 0 4 9] ±Jfi»«-Ctt, IMttttfbMtiJbtr 

ffcft£-t!:-5IHt£l 0 7, 1 0 8W£St. IIIK5c^i 

ft-T5^*S3 1 1 cotaSi^M^oTV^^-a-fdoV^T 
[ 0 0 5 0 ] &g-r*Ui. 1 1 IK^S7£^i:<lilC05t;^t 

vom&&&&Tzm&k&f®ti<}i£ftmi,izmmzft&i, 

[0 0 5 1] B4t^%WlCtt*tt£j£ftaiiCe>&«>lft 

jam*3*?-b-c*>s. B4©«j««i-ett:, Bst»4o 

lftlCrt:, iSiit,#.^O^^^JIcD^Si LTN a 

N a 1*1 1 IK&<kfettA#<A«i-«&«tttt-?N a 
B4fS4 0 2 tiot^S. 0 1 <D~F8I5 

(ctt:, IIIK^JS5t;^i:ft&co5t;^i:{-J:'3«fi)c$tL-5jS 
a"#5t> U< li-fb-a^i It, 0iJxl^Ga N4 0 9tfh 
9, G a N4 0 9 liN ag4fS4 0 2 

[0052] %.fcm$&4 o iftogmmmaz, 

'>ft< kl,m%7c%i:'£tr%>'gkLXmm#x (N2) 
4 0 3 75*?Eg£;ft-C^5. r«ii^4 0 3l4, 
m&<g4 0 4£i§L.T, S^SIi4 0 1 (0^-g(5A^tt^ 
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JO 

&«J*S*i.-tv*.5. :«OMi4 0 5iaot, 
0 1 rt©£*EE;fctt:» 0iJxl* 5 O^ffiKf&J® 

[00 5 3] RJCS5I4 0 1 (CIS, SSSfiJcft-STtE 

*aMEn*j»-e#* «t oizummm.4: o eauMtsttr 
v^-s, SDi?ssig4 o 6 tc £ t> 1 1 \m&it®>f&&tfi&&-r 

(011 *. 1*7 5 CC) »cEf£i£S84 0 lF*lSr$iJ^-r 

4 0 2 i!Sot«0, G a N 4 0 9 li^fi? 

<oade«:A)MttB4 0 6 fiJ:o-Ci»ft**a*K:-3e« 
HtSrt-C, I Ummttok LXCOG a N 

sttiSf 4 o 7 *3 j: vm>&mm&m 4 o s 

[00 54] i rtfflV^G a N4 0 9 tem'&k Lt© 

-zimktez* 

[0055] ~<D&o\c m4<omj$Mx-\-3^ 1 1 \m& 
m7cmki&<n5cmkiz£vmi&£tiz>m i &y>ihL< mt 

[00 5 6] -t Lt, *^^-C(4, JbiSUfcJ:^**!* 

[0 0 5 7] EI5(4*^?^(C#^^^^^^C0«^ 
094r*-T0-Cfc-5„ ^4b\ ID 5 co^J-eji, 

i \mmtw&& m 5 wwr-ia, g a 

40 lel^ffi^fcriSGaNliSOllir, niAlGa 
N^72'Ki5 02 > n!GaN^K§5 0 3, In 
GaN MQW (^Sfi^-#F) (£(415 0 4, plG 
a N#-< K15 0 5, p S A lGaN^7->Ki50 
6, p^G a N^V*? M5 0 7 ^NSi^JCigA^S $ 
ttTV^5 0 -(DJjgfPBfifcg^&i MO-VP E 

[00 5 8] iSkl/^-e, GaN, AlGaN, InGaN 

<n&mm^ u y i?m&&m& u, s i o 2 «6^flS 5 o 8 

50 *=H"5>1> hflB*W*5tHUtUfcttflBTJI!?*U. ±»X 
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tTF8BK#* piM*— S vtnMA 1 / N i 5 0 9X 
TJnM*— S ^/^iffiA 1 /T i 5 10 ftTKj&LT, 

a 5 (o^aw*^^ * (*an* w £ tt^o 

[0 0 5 9] If^pOO^— 5 y^ttttA 

1 /N i 5 0 9XVnfliJ^-— 5 s/^WSA 1 /T i 
5 1 O^btttrttAtSCiT, ro^*#i/-ff4 
361RU H5^HlAO*lSl»cu— lf3dtS:UlltS*sr 

[0 0 6 0] r^iKflci'— iftt, *3K9i*>llltJi»ffc 
4M&A(G a N^r B )^S^5 Olt Ltffl^TV>5fc 

«5 o i ttnit*5:iH, o i 

5 10t»*t5:iW#, fg-^fe*Rflr (SB 6 
[0 0 6 1] &*5 % ±j*<D#0fl-Ctt\ fii»jR35^oW3)JE« 

[0 0 6 2] *fc. ±iS<0«-Ctt. &1>III0I& 
JS7cSfSr&t?4«K£ LT, G a £r#3 V^"C GaM 

psb-r> a i nmcomfccD&m, hzwtttibn 

[0 0 6 3] ±5*<^«lt?iL **<tt**5c* 

PSb1\ NH3^^/^^N a N3^(7)ilMiV>5 I ^ 
[0 0 6 4] ^fc, ±SS(?5#«-eii, lll]g&jR5G*£ 
GaN^ffl^f;^ GaN{£fiBe>i\ AlN^In 

[0065] ^/c. 1 1 \m^mytmtm(oytmt^x r> 

«rt3*xa»*»t>L< tt<t*ftt UTIt GaN^A 
IN, In N*<Ol I li£gft»K:l8e>-i\ 0fl*_tfG a <t 
Na<B&JllllMfc^tt*ffl^-t\ Illt£g{ttft£ LT«i 

a©ft«Bft**f4, Ga NdS»SfiKSi-5M« 
B7 5 0t) f*ifi^tt##LT*5 9, \\\m&mf&ftb 

<l^ftiltll ±i£L/ L c<b<Ol-PS'b1\ 

S5c^ i i&<D^m b *c i 0 mat * ix 5 ^&-e s> o r t> A 
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[o o 6 6 ] Afrp*H-i*> \\\m&m7cmtm<07c&fr 

<0&JHKKt-&tt, fc5VM*G a 4: Ktt&jRRKfc^tt&lli 
Ifiwi^tt^ It, GairFe 

Gai:Cu^l Gai:Mn^l G a b 
Cr G a bCo<D&&%mi?Z>Z.btf'?%Z>o 

m*-\* G a F e CO^O^^Il. J*ftffi«*S 7 5 0 

70 [0 0 6 7] 

tfclll»A«5c*S:*tP»lti:^*< it 
4: »c± 9flb&3*L« 1 1 l«»k»SrttA**S*5 J: 5 

w £t£«fc 9. i^p n pSo^^Stc^^^oii§]l:Olll 
b-etf**|fc©/|>*v**ffl, iSD n p®^lll 

LD«©^^S:ffltt5fc»©*fflfi<)ft*#S©ll 
[0068] ^tc, M*«2Cto«n-ett, 

t ± 9 «/* s tx5 h u< Wb^ft^ bill 

[0 0 6 9] »#«3B«©«??tli, IM0g& 

1, «3lW2Offffi«i*lcl0ir, S&M. IKRMftll 
col I IIKtt^ttttAftKAKrffittn^AA r <h 

tf-simbteZo 

[oo7o] &tz, m*m4tzffi<Dftw-e^ \\\m& 

SO m>ytmbttL<DytMb\C& QWAdtt'&a^b L< tt{b 



13 

5;i-?, 3»*«l. ff*92 wf^ffl^lcJjo^T, SS 
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